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(57) ABSTRACT

An optoelectronic component comprising the following fea-
tures 1s disclosed, at least one semiconductor body (1) pro-
vided for emitting electromagnetic radiation of a first wave-
length range, an inner radiation-permeable shaped body (2),
into which the semiconductor body (1) 1s embedded, a wave-
length-converting layer (6) on an outer side (5) of the 1inner
shaped body (2), said layer comprising a wavelength conver-
s10n substance (8) suitable for converting radiation of the first
wavelength range into radiation of a second wavelength
range, which 1s different from the first wavelength range, a
coupling-out lens (10), into which the inner shaped body (2)
and the wavelength-converting layer (6) are embedded,
wherein the coupling-out lens (10) has an inner side enclosed
by an mnner hemisphere area having aradius R_____ . . and
an outer side enclosing an outer hemisphere area having a
radius R_, ., and theradu R__ . ~and R_ . meet the
Weierstrass condition: R =R . *n, /n_ .. where
n,  _1s the refractive index of the coupling-out lens andn__, 1s
the refractive index of the surroundings of the coupling-out
lens.
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1
OPTOELECTRONIC COMPONENT

RELATED APPLICATIONS

This 1s a U.S. national stage of application No. PCT/
DE2008/001514, filed on Sep. 10, 2008.
The present patent application claims the priority of Ger-

man application no. 10 2007 046 699.6 filed Sep. 28, 2007
and 10 2007 049 799.9 filed Oct. 17, 2007, the disclosure

content of both of which 1s hereby incorporated by reference.

FIELD OF THE INVENTION

The mvention relates to an optoelectronic component.

BACKGROUND OF THE INVENTION

Optoelectronic components comprising a semiconductor
body that emits radiation of a first wavelength range generally
comprise a wavelength conversion substance for generating
mixed-coloured—Ilor instance white—Ilight. The wavelength
conversion substance converts part of the radiation of the first
wavelength range emitted by the semiconductor body into
radiation of a second wavelength range, which 1s different
from the first wavelength range. Such components are
described for example 1n the documents WO 02/056390 Al,
WO 2006/034703 Al and Journal of Display Technology,
Vol. 3, No. 2, June 2007, pages 155 to 159. The wavelength

conversion substance can for example be introduced 1nto a
potting resin of the semiconductor body or be applied directly
to the semiconductor body in the form of a layer.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to specily an optoelectronic
component comprising a wavelength conversion substance,
wherein the optoelectronic component has a high efficiency.

An optoelectronic component comprises, 1n particular:

at least one semiconductor body provided for emitting
clectromagnetic radiation of a first wavelength range,

an 1mner radiation-permeable shaped body, into which the
semiconductor body 1s embedded,

a wavelength-converting layer on an outer side of the inner
shaped body, said layer comprising a wavelength con-
version substance suitable for converting radiation of the
first wavelength range into radiation of a second wave-
length range, which 1s different from the first wavelength
range,

a coupling-out lens, into which the inner shaped body and
the wavelength-converting layer are embedded, wherein

the coupling-out lens has an 1nner side enclosed by an 1inner
hemisphere areahaving aradiusR . . . and an outer
side enclosing an outer hemisphere area having a radius
R_ .. and the radun R____ .. ~—and R meet the
Weierstrass condition:

OMler

*
REJHIE‘FER CORVEYSIon erns/ Hﬂf?"?

where n,_, _1s the refractive index of the coupling-out lens
and n__. 1s the refractive index of the surroundings of the
coupling-out lens, typically of air.

It should be pointed out at this juncture that the inner and
outer hemisphere areas are primarily virtual areas that need
not necessarily be embodied as concrete features 1n the com-
ponent.

In particular, the coupling-out lens meets the Weierstrass
condition described above 1f the Weilerstrass hemisphere shell
formed by the inner hemisphere area having the radius
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2
R . . and the outer hemisphere shell having the radius
R_ . lies in its entirety within the coupling-out lens.

Particularly preferably, the Weierstrass hemisphere shell 1s
free of the wavelength-converting layer.

If the coupling-out lens meets the Weierstrass condition,
then 1n other words the outer side of the coupling-out lens 1s
shaped and arranged at a distance from the radiation-emitting
semiconductor body 1n such a way that the outer side of the
coupling-out lens, as seen from every point of the semicon-
ductor body, appears at such a small angle that no total retlec-
tion occurs at the outer side of the coupling-out lens. A cou-
pling-out lens that obeys the Weierstrass condition therefore
has only very low radiation losses on account of total reflec-
tion at i1ts outer side. The coupling-out efficiency of the opto-
clectronic component 1s thus advantageously increased.

In the case of the optoelectronic component, the wave-
length conversion substance 1s advantageously arranged at a
distance from a radiation-emitting front side of the semicon-
ductor body. The space between the wavelength conversion
substance of the wavelength-converting layer and the semi-
conductor body 1s substantially filled by the inner shaped
body. Particularly preferably, the space between the wave-
length-converting layer and the semiconductor body 1s com-
pletely filled with the inner shaped body. Particularly prefer-
ably, the mner shaped body 1s embodied as a potting resin.
Since the wavelength conversion substance 1s arranged at a
distance from the radiation-emitting front side of the semi-
conductor body, the temperature loading of the wavelength
conversion substance 1s advantageously kept small. This like-
wise increases the efficiency of the device.

The coupling-out lens can be a separately produced ele-
ment which for example 1s milled, turned or imjection-moul-
ded and fixed to the optoelectronic component in a mounting
step.

Furthermore, 1t 1s also possible, however, for the coupling-
out lens to be produced on the optoelectronic component, for
example by the coupling-out lens being produced as a potting
resin on the optoelectronic component.

Preferably, a radiation-emitting front side of the semicon-
ductor body 1s free of the wavelength-converting layer. Par-
ticularly preferably, the inner shaped body and/or the cou-
pling-out lens are/is also substantially free of wavelength
conversion substance, that 1s to say that the inner shaped body
and/or the coupling-out lens have/has no wavelength conver-
s10n substance apart from small contaminations.

In accordance with one embodiment, the optoelectronic
component comprises a plurality of semiconductor bodies
provided for emitting electromagnetic radiation. Features
which are described only on the basis of one semiconductor
body, in the case where the optoelectronic component com-
prises a plurality of semiconductor bodies, can also be exhib-
ited by some or all of the semiconductor bodies.

If the optoelectronic component comprises a plurality of
semiconductor bodies, then the latter are preferably arranged
in a symmetrical pattern, particularly preferably 1n a point
symmetrical pattern. The semiconductor bodies can be
arranged for example along a line or in accordance with a
regular grid. The regular grid can be embodied for example in
the manner of a square or hexagonal grid.

If the optoelectronic component comprises a plurality of
semiconductor bodies, then the latter need not necessarily
emit radiation of the same wavelength range. Rather, the
semiconductor bodies can emit radiation of different wave-
length ranges. In this case, it 1s also possible for not just one
wavelength range to be converted, but also a plurality of
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wavelength ranges. For this purpose, the component gener-
ally has a plurality of different wavelength conversion sub-
stances.

In accordance with a further embodiment of the optoelec-
tronic component, the mner shaped body 1s enclosed by a
turther hemisphere area having a radius R, and the radia-

IRFREr

tion-emitting front side of the semiconductor body has an
area A. The ratio A/m*R, _ * preferably lies between %2 and
L50, 1nclusive of the limaits.

The further hemisphere area, too, like the inner and outer
hemisphere areas, 1s a virtual, imaginary hemisphere area that
need not necessarily be embodied as a concrete feature in the
component.

If the optoelectronic component has a plurality of semicon-
ductor bodies, then the semiconductor bodies can be encom-
passed by an area A' and the ratio AY/n*R,, _ ~ preferably lies
between Y2 and V20, inclusive of the limits. The area A' can be
for example a circle inscribing the semiconductor bodies.
Particularly preferably, the area A' 1s the minimum area that
encompasses all the semiconductor bodies of the optoelec-
tronic component.

In accordance with one embodiment, an outer side of the
inner shaped body coincides with the further hemisphere area
at least at one point.

In accordance with a further embodiment, the outer side of
the 1nner shaped body coincides with the further hemisphere
area.

In accordance with one embodiment, the nner shaped
body 1s shaped in the manner of a hemisphere. In this case, the
outer side of the inner shaped body coincides with the further
hemisphere area. Particularly preferably, in the case of this
embodiment, the inner shaped body 1s arranged 1n such a way
that the hemisphere 1s centred above the semiconductor body.
That 1s to say that the center of area of the radiation-emitting
front side of the semiconductor body and the midpoint of the
hemisphere are situated on an optical axis of the optoelec-
tronic component, wherein the optical axis 1s perpendicular to
the radiation-emitting front side of the semiconductor body. I
the optoelectronic component comprises a plurality of semi-
conductor bodies, then the latter, in the case of this embodi-
ment, are preferably arranged in accordance with a point
symmetrical pattern, wherein the centroid of the pattern,
which 1s generally likewise a point of symmetry of the pat-
tern, and the midpoint of the hemisphere are situated on the
optical axis.

In accordance with one embodiment, the inner hemisphere
area having theradiusR . _ . coincides with the inner side
of the coupling-out lens at least one point.

In accordance with a further embodiment, the inner side of
the coupling-out lens coincides with the mner hemisphere
area.

In accordance with a further embodiment, the outer side of
the coupling-out lens likewise coincides with the outer hemi-
sphere area at least at one point.

In accordance with a further embodiment, the outer side of
the coupling-out lens coincides with the outer hemisphere
area.

In accordance with one embodiment, the wavelength-con-
verting layer 1s applied to the inner shaped body in direct
contact, that 1s to say that the wavelength-converting layer
forms a common interface with the mner shaped body.

In accordance with a further embodiment, the wavelength-
converting layer has a substantially constant thickness. Par-
ticularly preferably, the wavelength-converting layer 1s
applied as a hemisphere shell to the inner shaped body, which
1s preferably likewise embodied as a hemisphere. In this case,
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4

the path length of the radiation of the first wavelength range
within the wavelength-converting layer 1s substantially con-
stant.

In accordance with a further embodiment, the coupling-out
lens 1s applied to the wavelength-converting layer 1n direct
contact, that 1s to say that the coupling-out lens forms a
common 1nterface with the wavelength-converting layer.

In accordance with a further embodiment the coupling-out
lens 1s formed 1n the manner of a hemisphere shell arranged 1n
centred fashion above the semiconductor body, that 1s to say
that the center of area of the radiation-emitting front side of
the semiconductor body and the midpoint of the hemisphere
shell are arranged on the optical axis of the optoelectronic
component. If the optoelectronic component comprises a plu-
rality of semiconductor bodies, then the latter, in the case of
this embodiment, are preferably arranged 1n accordance with
a point symmetrical pattern, wherein the centroid of the pat-
tern, which 1s generally a point of symmetry of the pattern,
and the midpoint of the hemisphere shell are situated on the
optical axis of the optoelectronic component.

In accordance with a further embodiment, the semiconduc-
tor body 1s applied to a carrier, wherein the carrier has a mirror
at least laterally with respect to the semiconductor body. The
mirror has the task of detlecting radiation of the first and/or of
the second wavelength range, which 1s sent to a rear side of the
optoelectronic component, to a radiation-emitting front side
of the optoelectronic component, wherein the front side 1s
arranged opposite to the rear side of the semiconductor body.
The rear side of the optoelectronic component can be formed
by the carrier, for example. The radiation-emitting front side
of the component can be formed by the outer side of the
coupling-out lens, for example. Furthermore, further ele-
ments, for example an antireflection coating or a UV-absorb-
ing layer, can also be arranged on the outer side of the cou-
pling-out lens.

The mirror can also be formed below the semiconductor
body between the semiconductor body and the carrier.

Particularly preferably, the mirror has a reflectance for
radiation of the first and/or second wavelength range which 1s
at least 0.9.

Particularly preterably, the mirror has a reflectance for
radiation of the first and/or second wavelength range which 1s
at least 0.98.

Furthermore, roughness peaks of the mirror preferably
have at most a height of 40 nm.

Particularly preferably, the mirror, at least laterally with
respect to the semiconductor body, 1s embodied such that 1t 1s
specularly reflective to radiation of the first and/or the second
wavelength range.

The mirror can for example comprise a metallic layer or
consist of ametallic layer. The metallic layer can for example
comprise aluminium or consist of aluminium.

Furthermore, the mirror can comprise a metallic layer and
a Bragg mirror or consist ol a metallic layer and a Bragg
mirror.

The mirror can also be embodied as a reflection-amplifying
oxide-based layer system. A reflection-amplifying oxide-
based layer system comprises at least one layer which com-
prises an oxide or consists of an oxide. By way of example,
the reflection-amplifying oxide-based layer system com-
prises two layers comprising an oxide, for example a titanium
oxide layer and a silicon oxide layer.

I1 the mirror comprises a metallic layer and a Bragg mirror,
then these are preferably arranged in such a way that the
surface of the mirror 1s formed by the Bragg mirror. A mirror
whose surface 1s formed by a Bragg mirror generally has a
small roughness with roughness peaks not higher than 40 nm.
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Furthermore, such a mirror 1s generally embodied such that
it 1s specularly retlective to radiation of the first and/or second
wavelength range.

The Bragg mirror 1s constructed for example alternately
from respectively two silicon oxide layers and two titanium
oxide layers, that 1s to say that the Bragg mirror has two
s1licon oxide layers and two titanium oxide layers which are
arranged alternately. The silicon oxide layers comprise sili-
con oxide or consist of silicon oxide. The titantum oxide
layers comprise titanium oxide or consist of titantum oxide.

In accordance with a further embodiment the semiconduc-
tor body 1s arranged 1n a reflector region of the carrier. The
reflector region 1s formed for example by a depression within
the carrier, said depression preferably having oblique side
walls.

The carrier can be a printed circuit board, for instance a
metal-core circuit board. Furthermore, the carrier can also
comprise one of the following materials or consist of one of
the following materials: copper, aluminium oxide, aluminium
nitride.

The wavelength conversion substance preferably com-
prises at least one substance from the group formed by the
following materials: garnets doped with rare earth metals,
alkaline earth metal sulphides doped with rare earth metals,
thiogallates doped with rare earth metals, aluminates doped
with rare earth metals, orthosilicates doped with rare earth
metals, chlorosilicates doped with rare earth metals, alkaline
carth metal silicon nitrides doped with rare earth metals,
oxinitrides doped with rare earth metals, and aluminium
oxinitrides doped with rare earth metals.

In accordance with one embodiment, the wavelength con-
version substance 1s embedded 1n a binder.

As an alternative, the wavelength conversion substance can
also be applied in the form of a layer to the inner shaped body,
for example by means of electrophoresis.

In accordance with one embodiment, the iner shaped
body and/or the coupling-out lens and/or the binder comprise
or consist of a silicone.

The 1mner shaped body and/or the wavelength-converting
layer can comprise scattering particles for improving the
emission characteristic.

The scattering particles for example comprise or consist of
at least one of the following materials: aluminium oxide,
titanium oxide.

The semiconductor body generally comprises an active
zone comprising, for generating radiation, for example a con-
ventional pn junction, a double heterostructure, a single quan-
tum well structure or a multiple quantum well structure.
Examples of such multiple quantum wells structures are

described for example in the documents WO 01/39282, WO
08/31055, U.S. Pat. No. 5,831,277, EP 1 017 113 and U.S.
Pat. No. 5,684,309, the disclosure content of which 1n this
respect 1s hereby incorporated by reference.

If the radiation of the first wavelength range that 1s emitted
by the semiconductor body comprises only visible radiation,
then 1t 1s generally endeavoured for the wavelength conver-
s10n substance to convert only part of this radiation of the first
wavelength range into radiation of the second wavelength
range, while a further part of the radiation of the first wave-
length range that 1s emitted by the semiconductor body passes
through the wavelength-converting layer without being con-
verted. In this case, the optoelectronic component emits
mixed light comprising radiation of the first wavelength range
and radiation of the second wavelength range.

If the semiconductor body emits for example visible light
from the blue spectral range, then part of this visible blue
radiation of the first wavelength range can be converted 1nto
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yellow radiation by means of the wavelength conversion sub-
stance, such that the optoelectronic component emits mixed
light having a chromaticity coordinate 1n the white region of
the CIE standard chromaticity diagram.

In accordance with one embodiment, the wavelength-con-
verting layer 1s made thicker within an inner region arranged
above the semiconductor body than within an outer region of
the wavelength-converting layer, said outer region being
arranged laterally with respect to the semiconductor body.
The outer region of the wavelength-converting layer 1s pret-
erably arranged 1n a manner at least partly running around the
inner region of the wavelength-converting layer. In the case of
this embodiment, the first wavelength range preferably com-
prises blue radiation while the second wavelength range com-
prises vellow radiation. The component preferably emits
mixed light having a chromaticity coordinate in the white
region of the CIE standard chromaticity diagram. A wave-
length-converting layer having a thickness that 1s larger
within the 1nner region above the semiconductor body than
within an outer region laterally with respect to the semicon-
ductor body generally leads to an emission characteristic of
the optoelectronic component that 1s particularly homoge-
neous with regard to the chromaticity coordinate.

In accordance with a further embodiment, the semiconduc-
tor body emits radiation of a first wavelength range compris-
ing ultraviolet radiation. The ultraviolet radiation of the first
wavelength range 1s at least partly converted into visible
radiation by the wavelength conversion substance of the
wavelength-converting layer. The second wavelength range
thus comprises visible radiation. If the semiconductor body
emits electromagnetic radiation from the ultraviolet spectral
range, then 1t 1s generally endeavoured to convert a greatest
possible proportion of the ultraviolet radiation of the first
wavelength range 1nto visible light, since the ultravioletradia-
tion does not contribute to the perceptible brightness of the
component and furthermore can even damage the human eye.

In accordance with a further embodiment, the coupling-out
lens 1s embodied such that 1t 1s absorbent and/or reflective for
the electromagnetic radiation from the ultraviolet spectral
range. For this purpose, the coupling-out lens can for example
comprise glass or consist of glass.

In accordance with a further embodiment, a reflective layer
embodied such that 1t i1s reflective to radiation of the first
wavelength range 1s arranged on the mnner side of the cou-
pling-out lens. Particularly preferably, such a reflective layer
1s used 1n combination with a semiconductor body that emaits
radiation from the ultraviolet spectral range. In this case, the
reflective layer 1s preferably embodied such that it 1s reflective
to ultraviolet radiation of the first wavelength range and per-
meable to visible radiation of the second wavelength range.
However, 1t 1s also conceivable to use the reflective layer 1n
combination with a semiconductor body that emits visible
radiation, for example, if virtually complete conversion of the
radiation of the first wavelength range into radiation of the

second wavelength range 1s sought.
The reflective layer can be for example a dielectric mirror.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a schematic sectional view of an optoelec-
tronic component in accordance with a first exemplary
embodiment,

FIG. 1B shows a schematic perspective view of the opto-
clectronic component 1n accordance with the exemplary

embodiment 1n FIG. 1A,
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FIG. 2A shows a schematic sectional view of an optoelec-
tronic component 1 accordance with a second exemplary

embodiment,

FIG. 2B shows a schematic perspective view of an opto-
clectronic component in accordance with a third exemplary
embodiment,

FIG. 3 shows the simulated characteristics of the Cx coor-
dinate of the chromaticity coordinate as a function of the
emission angle © of three different optoelectronic compo-
nents,

FIG. 4 shows a schematic sectional view of an optoelec-
tronic component in accordance with a fourth exemplary
embodiment,

FIG. 5 shows a schematic sectional view of an optoelec-
tronic component in accordance with a fifth exemplary
embodiment,

FIG. 6 A shows a schematic plan view of an optoelectronic
component in accordance with a sixth exemplary embodi-
ment, and

FIG. 6B shows a schematic sectional view of the optoelec-
tronic component in accordance with FIG. 6A.

DETAILED DESCRIPTION OF THE DRAWINGS

In the exemplary embodiments and figures, 1dentical or
identically acting constituent parts are 1n each case provided
with the same reference symbols. The elements illustrated in
the figures should not necessarily be regarded as true to scale.
Rather, individual constituent parts, such as layer thicknesses
for example, may be 1llustrated 1n part with exaggerated size
in order to afford a better understanding.

The optoelectronic component 1 accordance with the
exemplary embodiment in FIGS. 1A and 1B has a semicon-
ductor body 1 provided for emitting electromagnetic radia-
tion of a first wavelength range. The semiconductor body 1 1s
embedded into a radiation-permeable inner shaped body 2 1n
such a way that there 1s no air-filled space between the semi-
conductor body 1 and the iner shaped body 2. The 1nner
shaped body 2 1s embodied as a hemisphere having a radius
R, which 1s arranged in centred fashion above the semicon-
ductor body 1, that 1s to say that the center of area M of a
radiation-emitting front side 3 of the semiconductor body 1
and the midpoint M' of the hemisphere formed by the 1inner
shaped body 2 lie on an optical axis 4 of the optoelectronic
component, wherein the optical axis 4 1s perpendicular to the
radiation-emitting front side 3 of the semiconductor body 1.

A wavelength-converting layer 6 1s applied on an outer side
5 of the mner shaped body 2. The wavelength-converting
layer 6 1s applied to the inner shaped body 2 1n direct contact,
that 1s to say that the wavelength-converting layer 6 forms a
common 1nterface with the inner shaped body 2.

Furthermore the wavelength-converting layer 6 has a sub-
stantially constant thickness D. The outer side 7 of the wave-
length-converting layer 6 therefore forms a hemisphere area
having a radius R,. The ratio of the radius R, to radius R, has
for example a value of between 0.5 and 0.99, inclusive of the
limits. Preferably the ratio of the radius R, to radius R, has a
value of between 0.6 and 0.95, once again inclusive of the
limats. Particularly pretferably, the ratio of radius R, to radius
R, 1s approximately 0.8.

The wavelength-converting layer 6 comprises a wave-
length conversion substance 8 suitable for converting radia-
tion of the first wavelength range that 1s emitted by the semi-
conductor body 1 into radiation of a second wavelength
range, which 1s different from the first wavelength range.

The wavelength conversion substance 8 1s chosen for
example from the group formed by the following substances:
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garnets doped with rare earth metals, alkaline earth metal
sulphides doped with rare earth metals, thiogallates doped
with rare earth metals, aluminates doped with rare earth met-
als, orthosilicates doped with rare earth metals, chlorosili-
cates doped with rare earth metals, alkaline earth metal sili-
con nitrides doped with rare earth metals, oxinitrides doped
with rare earth metals, and aluminium oxinitrides doped with
rare earth metals.

The wavelength conversion substance 8 of the wavelength-
converting layer 6 1s introduced 1nto a binder 9. The binder 9
can be a silicone, for example.

As an alternative, the wavelength conversion substance 8
can also be applied 1n the form of a layer to the inner shaped
body 2, for example by means of electrophoresis.

Furthermore, the optoelectronic component in accordance
with the exemplary embodiment 1n FIGS. 1A and 1B com-
prises a coupling-out lens 10 having a refractive index n,_, ,
into which the iner shaped body 2 and the wavelength-
converting layer 6 are embedded. In the present case, the
coupling-out lens 10 forms a common interface with the
wavelength-converting layer 6, that 1s to say that the cou-
pling-out lens 10 1s 1n direct contact with the wavelength-
converting layer 6. Furthermore, 1n the present case the cou-
pling-outlens 10 1s embodied as a hemisphere shell having an
inner radius R, and an outer radius R ;.

The coupling-out lens 10 of the optoelectronic component
meets the Weierstrass condition, as explained below. An inner
side 11 of the coupling-out lens 10 having the radius R, 1s
enclosed by an inner hemisphere area H,,  __ having a radius
R . .. .whilean outer side 12 of the coupling-out lens 10

encloses an outer hemisphere arca H having a radius
R

OMHIeF
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TheraduR____ . andR_ _ meetthe Weierstrass condi-
tion: R, =R __ . *n, /n_ . wheren_ . 1sthe refractive
index of the surroundings of the coupling-out lens, typically
of air.

The inner hemisphere arecaH_, _ and the outer hemisphere
areaH_ . are virtual areas that are 1llustrated by dashed lines
in the figure.

In the present case, the inner hemisphere area H, _ coin-
cides with the mner side 11 of the coupling-out lens 10, and
R,=R__ . holds true. The outer hemisphere area H_
coincides with the outer side 12 of the coupling-out lens 10,
and R;=R_____holds true.

If the coupling-out lens 10 comprises a silicone with a
refractive index n,_, ol approximately 1.46, then for example
the following values fortheradu R__ . and R_ . meet
the Weierstrass condition: R =22mmand R, =4
mm.

The radiation-emitting front side 3 of the semiconductor
body 1 1s embodied 1n square fashion in the present case and
has an area A. The mner shaped body 2 1s enclosed by a
turther, likewise virtual, hemisphere area H; having a radius
R, _ .Inthe present case, an outer side 13 of the inner shaped
body 2 coincides with the further hemisphere area H;, and
R, =R, holds true. In this case, the ratio A/m*R, _ ~ pref-
erably lies between 2 and Y20, inclusive of the limits. This
condition 1s met for example with a hemispherical 1nner
shaped body having a radius R;=2 mm and a semiconductor
body whose square radiation-emitting front side has a side
length 1=1 mm.

The mnner shaped body 2 can be embodied for example as
a potting resin. It can for example comprise a silicone and/or
an epoxide or consist of one of these materials or a mixture of
these materials.

The coupling-out lens 10 can for example likewise com-

prise epoxide or silicone or consist of one of these materials.
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Furthermore, the coupling-out lens 10 can also comprise a
glass or consist of a glass. A coupling-out lens 10 composed
of glass can for example be produced separately and be
applied to the component, while the coupling-out lens 10
composed of a potting resin material such as silicone or
epoxide 1s generally produced on the component, for example
by casting or by 1njection moulding.,

The mner shaped body 2, the wavelength-converting layer
6 and the coupling-out lens 10 can be produced for example
by a sequential injection-moulding method. In this case, the
wavelength conversion substance 8 1s generally introduced
into a binder 9 and the coupling-out lens 10 comprises an
injection-mouldable material, such as silicone for instance.

The semiconductor body 1 of the optoelectronic compo-
nent 1n accordance with the exemplary embodiment in FIGS.
1A and 1B 1s applied to a carrier 14. The carrier 14 can be a
printed circuit board, for example. The carrier 14 can also
comprise one of the following materials or consist of one of
these materials: aluminium oxide, aluminium nitride.

In the present case, a mirror 13 1s arranged laterally with
respect to the semiconductor body 1 on the carrier 14, said
mirror also being formed between the semiconductor body 1
and the carrier 14. The mirror 15 preferably has a retlectance
tor radiation of the first and/or the second wavelength range of
at least 0.9. Particularly pretferably, the mirror 15 has a retlec-
tance of at least 0.98 for radiation of the first and/or the second
wavelength range.

The mirror 15 can be formed for example by a metallic
layer 26. Furthermore, the mirror 15 can also comprise a
metallic layer 26 and a Bragg mirror 27. In this case, the
metallic layer 26 1s preferably arranged between the carrier 14
and the Bragg mirror 27, while the Bragg mirror 27 forms the
surface of the mirror 15. In general, the surface of the mirror
15 1n this case has roughness peaks which are not formed
higher than 40 nm. Such a mirror 135 1s in particular generally

embodied such that it 1s specularly retlective to visible radia-
tion.

The metallic layer 26 can for example comprise aluminium
or consist of aluminium.

The Bragg mirror 27 1s for example constructed alternately
from respectively two silicon oxide layers and two titanium
oxide layers. That 1s to say that the Bragg mirror has two
s1licon oxide layers and two titanium oxide layers which are
arranged alternately. The silicon oxide layers comprise sili-
con oxide or consist of silicon oxide. The titanium oxide
layers comprise titanium oxide or consist of titanium oxide.

As shown 1 FIG. 1B, in the case of the component 1n
accordance with the exemplary embodiment in FIGS. 1A and
1B, the mirror 15 1s embodied 1n circular fashion with a radius
R_. . The semiconductor body 1 is arranged in centred
tashion on the circular mirror 15, that 1s to say that the center
of area M of the radiation-emitting front side 3 of the semi-
conductor body 1 and the midpoint of the circular mirror 15
lie on the optical axis 4 of the optoelectronic component, said
optical axis being perpendicular to the radiation-emitting
front side 3 of the semiconductor body 1.

The coupling-out lens 10, the wavelength-converting layer
6 and the mner shaped body 2 are also applied in centred
fashion above the semiconductor body 1, that1s to say that the
midpoint M' of the hemisphere and hemisphere shell respec-
tively formed by the inner shaped body 2, the wavelength-
converting layer 6 and also the coupling-out lens 10 and the
center of area M of the radiation-emitting front side 3 of the
semiconductor body lie on the optical axis 4 of the optoelec-
tronic component. Furthermore, in the present case, the radius
R, of the outer side 12 of the coupling-out lens 10 corresponds
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to the radius R, of the circle formed by the mirror 15.
Consequently, the coupling-out lens 10 terminates laterally
with the mirror 15.

Furthermore, the semiconductor body 1, the inner shaped
body 2, the wavelength-converting layer 6 and the coupling-
out lens 10 are arranged rotationally symmetrically with
respect to the optical axis 4 of the optoelectronic component.

As shown 1 FIG. 1B, the optoelectronic component fur-
thermore has two external electrical connection locations 16,
which are provided for making electrical contact with the
optoelectronic component.

In contrast to the optoelectronic component 1n accordance
with the exemplary embodiment in FIGS. 1A and 1B the
optoelectronic component 1n accordance with FIG. 2A has a
wavelength-converting layer 6 whose thickness D varies. In
order to avoid repetition, only the differences between the
component 1n accordance with FIG. 2A and the component 1n
accordance with FIGS. 1A and 1B are described below.

Elements and features not described in greater detail, such
as, for instance the carrier 14 or the mirror 15, can be embod-
ied for example as already described with reference to FIGS.
1A and 1B.

The optoelectronic component comprises a semiconductor
body 1 suitable for emitting light of a first wavelength range,
which comprises visible blue radiation.

The wavelength conversion substance 8 of the wavelength-
converting layer 6 converts part of the blue radiation of the
first wavelength range 1nto radiation of a second wavelength
range, which comprises visible yellow radiation. YAG:Ce, for
example, 1s suitable as the wavelength conversion substance 8
for this purpose. A further part of the blue radiation emitted by
the semiconductor body 1 passes through the wavelength-
converting layer 6 without being converted. The optoelec-
tronic component emits from 1ts front side 17, which in the
present case 1s formed by the outer side 12 ofthe coupling-out
lens 10, mixed light comprising portions of blue radiation of
the first wavelength range and also portions of yellow radia-
tion of the second wavelength range. The said mixed light
preferably has a chromaticity coordinate 1in the white region
of the CIE standard chromaticity diagram.

In the present case, the wavelength-converting layer 6 1s
embodied 1n such a way that it 1s made thicker 1n an 1nner
region 18 above the semiconductor body 1 than 1n an outer
region 19 laterally with respect to the semiconductor body 1.
The ratio between the thickness D of the wavelength-convert-
ing layer 6 in the mnner region 18 and the thickness D of the
wavelength-converting layer 6 1n the outer region 19 1s pret-
erably approximately 5.3.

Owing to the variation 1n the thickness of the wavelength-
converting layer 6, the wavelength conversion substance 8
converts into yellow radiation of the second wavelength range
a larger part of the blue radiation of the first wavelength range
that passes through the inner region 18 of the wavelength-
converting layer 6 than of the blue radiation that passes
through the wavelength-converting layer 6 1n its outer region
19. However, since the semiconductor body 1 emats the blue
radiation of the first wavelength range substantially from its
front side 3, the proportion of blue radiation which 1s emitted
in a direction of the mnner region 18 1s greater than the pro-
portion of radiation which runs i a direction of the outer
region 19. Owing to the variation of the thickness D of the
wavelength-converting layer 6, therefore, the emission char-
acteristic of the optoelectronic component 1s homogenized
with regard to the chromaticity coordinate.

Furthermore, the wavelength-converting layer 6 can have
scattering particles 25 provided for mixing unconverted
radiation of the first wavelength range and converted radia-
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tion of the second wavelength range. As an alternative, or in
addition, the inner shaped body 2 can also have scattering
particles 25. The scattering particles 25 comprise for example
aluminium oxide or titanium oxide or consist of one of these
materials.

As 1n the exemplary embodiment 1n accordance with FIGS.

1A and 1B, the outer side 12 of the coupling-out lens 10 1s
embodied as a hemisphere area having a radius R ,. However,
since the coupling-out area—in the same way as 1n the exem-
plary embodiment 1n accordance with FIGS. 1A and 1B 1s
applied to the wavelength-converting layer 6 1n direct contact,
the mner side 11 of the coupling-out lens 10 1s adapted to the
outer side 7 of the wavelength-converting layer 6. The 1inner
side 11 of the coupling-out lens 10 1s therefore flattened 1n
relation to a hemisphere area within an 1nner region corre-
sponding to the mnner region 19 of the wavelength-converting
layer 6.

However, as in the coupling-out lens 10 1n accordance with
the exemplary embodiment in FIGS. 1A and 1B, the cou-
pling-out lens 10 meets the Weierstrass condition as
explained below. The outer hemisphere area H_ . coincides
with the outer side 12 of the coupling-out lens 10, and
R;=R._ ... holds true. The iner side 11 of the coupling-out
lens 10 1s enclosed by an inner hemisphere area H, . having
a radius R__ . . and the 1following holds true:
R___=R__ . *n, /; . In particular, the Weilerstrass
hemisphere shell formed by the inner hemisphere areaH,, .
and the outer hemisphere area H 1s free ol the wavelength-
converting layer 6.

Since the wavelength-converting layer 6 1s applied to the
inner shaped body 2 1n direct contact, the shape of the iner
shaped body 2 also deviates from the shape of the inner
shaped body 2 as was described with reference to FIGS. 1A
and 1B. The outer side 13 of the mner shaped body 2 1is
flattened 1n relation to a hemisphere area.

Furthermore the semiconductor body 1, the inner shaped
body 2, the wavelength-converting layer 6 and the coupling-
out lens 10 are arranged rotationally symmetrically with
respect to the optical axis 4 of the optoelectronic component,
said optical axis being perpendicular to the radiation-emitting
front side 3 of the semiconductor body 1.

Like the component in accordance with the exemplary
embodiment in FIG. 2A, the component in accordance with
the exemplary embodiment 1n FIG. 2B has a wavelength-
converting layer 6 having a varniable thickness D. Only the
differences between the component 1n accordance with FIG.
2A and the component in accordance with FIG. 2B are
described below, 1n order to avoid repetition. The remaining
clements and features of the component 1n accordance with
FIG. 2B can be embodied for example as already described
with reference to FIG. 2A.

The wavelength-converting layer 6 of the component in
accordance with FIG. 2 A 1s made thicker in an inner region 18
above the semiconductor body 1 than 1n an outer region 19
laterally with respect to the semiconductor body 1. Therefore,
the outer side S of the inner shaped body 2 deviates from a
hemisphere shape. However, the outer side 7 of the wave-
length-converting layer 6 1s embodied in such a way that 1t
forms a hemisphere area having a radius R,. Therefore, the
inner side 11 of the coupling-out lens 10, which 1s applied to
the wavelength-converting layer 6 1n direct contact, likewise
forms a hemisphere area. The coupling-out lens 10 meets the
Weierstrass condition: R . =R __ . *n, /n_ . wherethe
inner hemisphere area H, _ having the radws R .

coincides with the inner side 11 of the coupling-out lens 10,
and R =R, holds true. The outer hemisphere area
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H_ . coincides with the outer side 12 of the coupling-out
lens 10, and R_, =R, holds true.

OLleF

In the 1nner region 18, the ratio between the thickness D of
the wavelength-converting layer 6 and the radius R, 1s
approximately 0.44, for example, while the ratio between the
thickness D of the wavelength-converting layer 6 and the
radius R, within the outer region 19 1s for example a value of
approximately 0.08. In this case, the transition between the
inner region 18 and the outer region 19 1n the thickness D of
the wavelength-converting layer 6 generally proceeds con-
tinuously.

FIG. 3 shows the simulated characteristics of the Cx coor-
dinate of the chromaticity coordinate as a function of the
emission angle of three different optoelectronic components.
Firstly, the illustration shows the simulated Cx value of the
chromaticity coordinate as a function of the emission angle &
ol a conventional component, in which the wavelength-con-
verting layer 6 1s applied directly to the radiation-emitting
front side 3 of the semiconductor body 1 (curve 1). The
chromaticity coordinate of the radiation emitted by such a
component varies significantly with the emission angle 0. In
this case, the Cx value of the chromaticity coordinate 1s sig-
nificantly smaller for small emission angles © than for large
emission angles ©. This means that an inner region of the
radiation-emitting front side of the optoelectronic component
has a bluish colour impression, while an outer region of the
radiation-emitting front side of the optoelectronic component
leaves the observer with a yellowish colour impression.

Furthermore, FIG. 3 shows the simulated characteristics of
the Cx value of the chromaticity coordinate of an optoelec-
tronic component comprising an mner shaped body 2, awave-
length-converting layer 6 having a constant thickness D on
the 1inner shaped body and a coupling-out lens, such as has
been described above with reference to FIGS. 1A and 1B
(curve 2). Such an optoelectronic component also still has a
slight fluctuation of the Cx value with the emission angle ©.
However, said fluctuation 1s significantly reduced by com-
parison with a conventional component.

The third curve (curve 3) 1n the graph in FIG. 3 shows the
simulated characteristics of the Cx value with the emission
angle ® for a component whose wavelength-converting layer
6 1s made thicker above the semiconductor body 1 than lat-
erally, as was described with reference to FIGS. 2A and 2B.
As can be gathered from FIG. 3, the emission characteristic of
such a component 1s made virtually homogeneous with
regard to the chromaticity coordinate.

The component 1n accordance with the exemplary embodi-
ment 1n FIG. 4 has, 1n contrast to the exemplary embodiments
described above, a carrier 14 with a reflector region 20, to
which the semiconductor body 1 1s applied.

The reflector region 20 1s recessed relative to the rest of the
surface of the carrier 14. In the present case, the reflector
region 20 forms a cavity having oblique side walls 21. The
reflector region 1s provided for directing radiation from the
semiconductor body to the radiation-emitting front side of the
optoelectronic component. Therefore, the mirror 15 1s formed
in particular on the retlector region 20 of the carrier 14. In the
present case, the reflector region 1s embodied rotationally
symmetrically with respect to the optical axis 4 of the com-
ponent, said optical axis being perpendicular to the radiation-
emitting front side 3 of the semiconductor body 1 and running
through the center of area M of the radiation-emitting front
side 3 of the semiconductor body 1.

In the present case, the semiconductor body 1 1s embedded
into a shaped body 2 1n such a way that there 1s no air-filled
space between the semiconductor body 1 and the inner
shaped body 2. In the present case, this means that the cavity
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formed by the reflector region 20 in the carrier 14 1s com-
pletely filled with the inner shaped body 2. Furthermore, the
outer side 5 of the mnner shaped body 2 1s formed in accor-
dance with a hemisphere area where R;=R_. . As in the
exemplary embodiment in accordance with FIGS. 1A and 1B,
the wavelength-converting layer 6 and the coupling-out lens
10 are embodied as hemisphere shells which are 1n each case
applied 1n direct contact with one another or with the 1nner
shaped body. In contrast to the exemplary embodiment 1n
FIGS. 1A and 1B, however, the midpoint M' of the hemi-
sphere shells formed by the wavelength-converting layer 6
and the coupling-out lens 10 lies above the semiconductor
body 1 1n the emission direction of the semiconductor body 1
on account of the retlector region 20. However, the Weier-
strass condition likewise holds true for the coupling-out lens
10. That 1s to say that the radius R of the inner

COFIVEFSIOF

hemispherearea H_ _ and the radius ofthe outer hemisphere
arecaH_ _  having theradius R,  meet the Weierstrass con-
dlthn‘ RGHfEF::RCGHUEFSfGH nfens/nair‘

In the present case, the inner hemisphere area H,, _ coin-

cides with the mnner side 11 of the coupling-out lens 10, and
R,=R__ __ . holds true. The outer hemisphere area H_
coincides with the outer side 12 of the coupling-out lens 10,
and R;=R____ holds true.

The remaining elements and features of the component in
accordance with F1G. 4 can be embodied for example as 1n the
case of the optoelectronic component 1n accordance with the
exemplary embodiment 1in FIGS. 1A and 1B. In order to avoid
repetition, therefore, they are not described any further 1n the
present case.

In contrast to the optoelectronic component 1n accordance
with the exemplary embodiment 1n FIGS. 1A and 1B, the
optoelectronic component 1n accordance with the exemplary
embodiment 1n FIG. 5 has a coupling-out lens 10 whose outer
side 12 deviates from a hemisphere area. The outer side 12 of
the coupling-out lens 10 1s spherically curved with a radius of
curvature R . >R _ _ 1naninnerregion 22, whereR_ .
1s the outer radius of the virtual Weierstrass hemisphere shell.
Furthermore, the coupling-out lens 10 has oblique side areas
23 which laterally delimit the inner region of the coupling-out
lens 10.

The coupling-out lens 10 having a refractive index n,_, .
obeys the Weierstrass condition as explained below. The inner
side 11 of the coupling-out lens 10 having the radius R,
coincides with the hemisphereareaH, _ andR__  _ . =R,
holds true, while the outer side 12 of the coupling-out lens 10
encloses an outer hemisphere arca H_ . having a radius
R ___.Theradu R_ . and R meet the Weilerstrass
condition: R__._=R__ . *n, /n_.., where n_, 1s the
refractive index of air.

The remaining elements and features of the component in
accordance with FIG. 5 can be embodied for example as 1n the
case of the optoelectronic component 1n accordance with the
exemplary embodiment in FIGS. 1A and 1B. In order to avoid
repetition, therefore, they are not described any further in the
present case.

In contrast to the optoelectronic component in accordance
with the exemplary embodiment 1n FIGS. 1A and 1B, the
optoelectronic component in accordance with FIGS. 6 A and
6B has a plurality of semiconductor bodies 1. In order to avoid
repetition, only the differences between the component in
accordance with FIGS. 6 A and 6B and the component 1n
accordance with FIGS. 1A and 1B are described below.

Elements and features which are not described can be
embodied for example 1n accordance with the component of
the exemplary embodiment 1n FIGS. 1A and 1B.
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The semiconductor bodies 1 of the component in accor-
dance with the exemplary embodiment 1n FIGS. 6 A and 6B
are arranged 1n a regular pattern, in the present case in accor-
dance with a square grid 24. The semiconductor bodies 1 lie
in each case with an center of areca M of the radiation-emitting
front side 3 on a grid point of the square grid 24. As an
alternative, the semiconductor bodies 1 can for example also
be arranged 1n accordance with a hexagonal grid. The semi-
conductor bodies 1 are arranged 1n centred fashion below the
inner shaped body 2, that i1s to say that a centroid S of the
square grid 24 and the midpoint M' of the hemisphere formed
by the mner shaped body 2 lie on the optical axis 4 of the
optoelectronic component, wherein the optical axis 1s perpen-
dicular to the mirror 15. The coupling-out lens 10 1s also
arranged 1n centred fashion above the semiconductor bodies
1, that 1s to say that the centroid S of the square grid 24 and the
midpoint M' of the hemisphere shell formed by the coupling-
out lens 10 lie on the optical axis 4 of the optoelectronic
component. In the present case, the centroid S of the square
orid 24 1s likewise a point of symmetry of the grid 24.

The four semiconductor bodies 1 of the optoelectronic
component of the exemplary embodiment 1n FIGS. 6 A and
6B are inscribed by a circle having an area A' wherein a
respective outer corner of a semiconductor body 1 lies on the
inscribing circle. The mner shaped body 2 1s enclosed by a
turther, likewise virtual, hemisphere area H; having a radius
R. . Inthe present case, an outer side 13 of the inner shaped
body 2 coincides with the further hemisphere area H, and
R, =R, holds true. In this case, the ratio A'/n*R, > pref-
erably lies between Y2 and V20, inclusive of the limits.

The semiconductor bodies 1 emit ultraviolet radiation, for
example, that 1s to say that the first wavelength range com-
prises ultraviolet radiation. In this case, it1s generally endeav-
oured to completely convert the ultraviolet radiation of the
first wavelength range 1nto visible radiation by means of the
wavelength conversion substance 8. Furthermore, the cou-
pling-out lens 10 1s in this case embodied such that 1t 1s
absorbent for ultraviolet radiation, for example by virtue of
said lens comprising a glass. Furthermore, as shown in FIG.
6B, mn this case preferably a retlective layer 28 1s arranged on
the inner side 11 of the coupling-out lens 10, which 1s embod-
ied such that 1t 1s reflective to ultraviolet radiation and per-
meable to visible radiation. The reflective layer 18 can be a
dielectric mirror, for example.

The mvention 1s not restricted by the description on the
basis of the exemplary embodiments. Rather, the invention
encompasses any new leature and also any combination of
features, which in particular comprises any combination of
features 1n the patent claims, even 11 this feature or this com-
bination of features itself 1s not explicitly specified in the
patent claims or exemplary embodiments.

The mvention claimed 1s:

1. An optoelectronic component comprising;

at least one semiconductor body provided for emitting
clectromagnetic radiation of a first wavelength range;

an inner radiation-permeable shaped body, into which the
semiconductor body 1s embedded;

a wavelength-converting layer on an outer side of the inner
shaped body, said layer comprising a wavelength con-
version substance suitable for converting radiation of the
first wavelength range 1nto radiation of a second wave-
length range, which 1s different from the first wavelength
range; and

a coupling-out lens, into which the inner shaped body and
the wavelength-converting layer are embedded, wherein

the coupling-out lens has an inner side enclosed by an inner
hemisphere area having a radius R and an outer
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side enclosing an outer hemisphere area having a radius
R_. ., and the radu R . and R meet the
Weierstrass condition:

OMler
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wheren,  _1s the refractive index of the coupling-out lens and
n_. 1s the refractive index of the surroundings of the coupling-
out lens, and the mner shaped body 1s enclosed by a further
hemisphere area having a radius R, __ . the semiconductor
body has a radiation-emitting front side having an area A, and
the ratio A/m*R__ _ * lies between V2 and Y50 inclusive of the
limuts.

2. The optoelectronic component according to claim 1,
which comprises a plurality of semiconductor bodies pro-
vided for emitting electromagnetic radiation.

3. The optoelectronic component according to claim 1,
wherein the mner shaped body i1s shaped in the manner of a
hemisphere and i1s arranged in centred fashion above the
semiconductor body.

4. The optoelectronic component according to claim 1,
wherein the wavelength-converting layer 1s embodied as a
hemisphere shell applied to the inner shaped body 1n direct
contact.

5. The optoelectronic component according to claim 1,
wherein the coupling-out lens 1s shaped in the manner of a
hemisphere shell and 1s arranged 1n centred fashion above the
semiconductor body and 1s applied to the wavelength-con-
verting layer 1in direct contact.

6. The optoelectronic component according to claim 1,
wherein the semiconductor body 1s applied to a carrier and the
carrier has a mirror at least laterally with respect to the semi-
conductor body.

7. The optoelectronic component according to claim 6,
wherein the mirror has a reflectance of 0.98 for radiation of
the first and/or the second wavelength range.

8. The optoelectronic component according to claim 6,
wherein the mirror, at least laterally with respect to the semi-
conductor body, 1s embodied such that it 1s specularly retlec-
tive to radiation of the first and/or the second wavelength
range.

9. The optoelectronic component according to claim 6,
wherein the semiconductor body 1s arranged 1n a reflector
region of the carrier.

10. The optoelectronic component according to claim 1,
wherein the mner shaped body and/or the wavelength-con-
verting layer have scattering particles.
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11. The optoelectronic component according to claim 1,
wherein the wavelength-converting layer 1s made thicker
within an 1nner region above the semiconductor body than
within an outer region laterally with respect to the semicon-
ductor body.

12. The optoelectronic component according to claim 11,
wherein the first wavelength range comprises blue radiation
ol the visible spectral range and the second wavelength range
comprises yellow radiation of the visible spectral range.

13. The optoelectronic component according to claim 1,
wherein the first wavelength range comprises radiation from
the ultraviolet spectral range.

14. The optoelectronic component according to claim 1,
wherein a reflective layer embodied such that 1t 1s reflective to
radiation of the first wavelength range and permeable to
radiation of the second wavelength range 1s arranged on the
inner side of the coupling-out lens.

15. An optoelectronic component comprising:

at least one semiconductor body provided for emitting

clectromagnetic radiation of a first wavelength range;

an inner radiation-permeable shaped body, into which the
semiconductor body 1s embedded;

a wavelength-converting layer on an outer side of the inner
shaped body, said layer comprising a wavelength con-
version substance suitable for converting radiation of the
first wavelength range 1nto radiation of a second wave-
length range, which 1s different from the first wavelength
range; and

a coupling-out lens, mnto which the inner shaped body and
the wavelength-converting layer are embedded, wherein

the coupling-out lens has an inner side enclosed by an inner
hemisphere area havingaradiusR___ . andanouter

side enclosing an outer hemisphere area having a radius
R_, ., and the radii R and R meet the

Weierstrass condition:
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where n,_ _1s the refractive index of the coupling-out lens
and n__ 1s the refractive index of the surroundings of the
coupling-out lens, and the wavelength-converting layer
1s made thicker within an 1mner region above the semi-
conductor body than within an outer region laterally
with respect to the semiconductor body.
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